Commentary
==========

The lung is a complex organ and anatomically or functionally it can be divided into different cellular compartments such as the bronchoalveolar space, bronchus-associated lymphoid tissue (BALT) and the bronchial mucosa, the lung parenchyma or interstitium, the draining lymph nodes, the intravascular cell pool and the periarterial space (Figure [1](#F1){ref-type="fig"}) \[[@B1]\]. The aim of this review is first to give an overview about the different lung compartments. It is very important to separate \"the lung\" into those functionally different subunits to understand the development and the course of immune responses and inflammatory diseases within this organ. Furthermore, a second aim is to point out open questions on the specific role of those compartments. Finally, a concept will be proposed on \"master compartments\" and the most urgent questions to be resolved.

![**Schematic drawing of the different lung compartments and exit routes**. The figure was modified after Pabst and Tschernig, 1997 \[[@B2]\].](1471-2466-9-39-1){#F1}

Compartment 1 - BAL
-------------------

The bronchoalveolar lavage (**BAL**) is the most frequently used diagnostic method to gain insight into the lung, yielding leukocytes, secretions, and epithelial cells from the alveoli and the airway mucosa. From experience a number of diagnoses are supported by a specific cytology, for example in asthma, infections, sarcoidosis, tumors \[[@B2],[@B3]\]. But do those cells reflect the pathophysiology in other lung compartments? Moreover, how do the leukocytes arrive in the bronchoalveolar space and what is their role there? This is easy to answer in infection when neutrophils and exsudate macrophages combat bacilli or virally infected cells, but it is unclear in asthma or sarcoidosis. Induced sputum yields cells from the same compartment in a modified composition but is used to a much lesser extent. The other direction of leukocyte migration is also possible: It has been documented in pigs and rodents that lymphocytes can return to the lung interstitium and then reach the regional lymph nodes \[[@B4]\]. Comparable data have been obtained for other immune cells, e.g. dendritic cells.

*The use of BAL has been documented to be very helpful in clinical diagnosis and in experimental models of lung diseases. However, there are still several unresolved issues regarding leucocytes and other immunological cells in the bronchoalveolar space. Is the influx of leukocytes in asthma or sarcoidosis functional or just a spill over? Does the differential of lymphocytes reflect the composition in the interstitium or the intravascular space? Is the reentry of dendritic cells, macrophages and lymphocytes important for the maintenance of the disease? These issues will need to be addressed in further research. Regarding the first two issues a comparison of gene and protein expression of the separate compartments would be useful. The last question might be addressed using experiments blocking the reentry of leukocytes*.

Compartment 2 - BALT
--------------------

**BALT**is absent in adults but can be found in about 40% of children \[[@B5]\]. Under some conditions (inflammation, smoking) it can reappear, but it remains totally unclear what that means for disease \[[@B6]\]. From animal studies it is known that BALT is part of the integrated mucosal immune system \[[@B7]\]. This means that lymphoblasts and lymphocytes migrate from BALT to other mucosal sites. A new interesting approach could be to induce BALT, as has been successfully performed in rats by a single intratracheal application of the lipopeptide MALP-2 \[[@B8]\] in order to efficiently apply drugs and vaccines to the lung.

*Prior to this many open questions still have to be answered. The role of BALT is not yet known: What is the stimulus and the mode of forming BALT \"de novo\" in certain clinical conditions? Is newly induced BALT good or bad for the patient? Could BALT be induced and serve in the delivery of drugs and vaccines? The last question should be addressed experimentally and might lead to new therapeutic strategies in future*.

Compartment 3 - conducting airway mucosa
----------------------------------------

The **IEL**and **submucosal leukocytes**are of great relevance in allergic inflammation and bronchial infections. They have many functions in the onset and perpetuation, for example, of asthma \[[@B9]\]. The numbers of dendritic cells have recently been determined in the human tracheal mucosa \[[@B10]\]. It is known that mucosal leukocytes crosstalk with the bronchial epithelium in down- or up-regulation of inflammatory processes \[[@B11]\]. However, the functional network of this leukocyte pool and its subset composition are not yet fully understood. Since the bronchial circulation is the basis for these cells, major species differences have to be considered: In contrast to the well vascularized bronchial mucosa in humans, the mouse lacks a bronchial circulation \[[@B12]\]. This is very important in the interpretation and comparison of experimental data.

Some questions have to be addressed in further experimental research in vitro and in vivo. Who is in the driving seat, the epithelium or the leukocytes? A research approach could be the transfer of leukocytes to SCID mice and subsequent infection. Are regional differences from the trachea to small bronchi of clinical relevance? What is the effect of different subset compositions of the epithelium in different segments of the air conducting parts?

Compartment 4 - draining lymph nodes
------------------------------------

The draining lymph vessels and the **draining lymph nodes**are an essential part of the pulmonary immune system. They are important sites for adaptive/protective immune responses in infection and allergy \[[@B1]\].

*Since there are abundant data on the lung draining lymph nodes it is important to clarify the following open questions in the near future: Is there a functional integration of the lung draining lymph nodes in the general immune system and how is a potential crosstalk regulated? In the gut immune response the mesenteric lymph nodes play an important role in tolerance. What is the significance of lymph nodes draining the lung in this respect? Which adhesion molecules regulate the entry of leukocytes from the blood and the release into the efferent lymphatics? To address these questions animals without lymph nodes such as lymphotoxin knock out mice could be used. Blocking strategies of adhesion molecules and chemokine receptors can give insight into the migration of immune cells to the lymphatics*.

Compartment 5 - lung parenchyma
-------------------------------

The **parenchyma**is a mixture of capillaries, pneumocytes and many other cell types \[[@B13]\], within which the **interstitium**can be delineated \[[@B1]\]. It contains the smallest arterioles and venules, initial lymph vessels, macrophages and dendritic cells, fibrocytes/blasts and is the first place for the infiltration of exsudate leukocytes besides the alveoli. Here interstitial inflammation and fibrosis start and continue. The role of this compartment, for example in asthma, remains to be elucidated.

Other questions are: What are the pro- and anti-inflammatory regulators in the interstitial lung tissue? What kind of diagnostic approach would be suitable for the situation in this compartment? What is the role of the parenchyma in asthmatic inflammation in the early and late chronic phase?

Compartment 6 - intravascular leukocyte pool
--------------------------------------------

The **intravascular pool**of leukocytes adhering to the endothelium of capillaries and venules of the lung is very important for the extent of immune reactions in the lung, but little is known about it \[[@B1],[@B16],[@B17]\]. Furthermore, there are significant species differences, e.g. in the presence of so-called PIMs (pulmonary intravascular macrophages) \[[@B18]\].

*It is still unclear whether the intravascular leukocytes are a prerequisite for efficient immune reactions in the lung and how the numbers of these leukocytes and their emigration into the lung parenchyma is regulated. It will be an important target to increase or decrease those numbers in order to modulate pulmonary infections and inflammatory reactions*.

Compartment 7 - periarterial space
----------------------------------

The **periarterial space**was described a few years ago \[[@B14]\]. A number of lymphatic vessels and a capillary network are located around the big and smallest pulmonary arteries. Very recently its role in pulmonary host defense has been shown \[[@B15]\]. Since this lung compartment is quite \"young\" it represents a new focus in experimental and clinical research.

*For example, what kind of immunity is dominant in the periarterial space, innate or adaptive immunity? What are the mechanisms directing the infiltrating cells from the alveoli to the periarterial space? Which factors regulate the clearance of the immune cells after the immune reaction has been completed? Experimental methods to address these questions could be the use of in vitro multi photon microscopy or other new live imaging techniques which allow the dynamics of periarterial inflammation to be observed*.

Concluding remarks
==================

All the presented compartments of the lung are essential for the immune control of the whole organ. However, three compartments need to be studied with priority. These \"master compartments\" of the lung during immune response or host defense are: A) The intravascular pool of leukocytes. This is because of its interaction with lung vessels and capillaries, which controls the entry of leukocytes into different lung compartments and also the integrity of the alveolo-capillary barrier. B) The bronchial mucosa of the conducting airways, which is the first line of defense if microbes or allergens enter the lung. C) The periarterial space, because periarterial inflammation is an important part of the intrapulmonary immune response and a mechanism which keeps the alveoli and therefore the gas exchange area functional. All lung compartments contribute to the innate and the adaptive immune response. The most important questions might be: How is the influx of leucocytes into lung compartments regulated? Which patterns of migration between those compartments are important for immune control? What are the mechanisms for the initiation of perivascular inflammation and -at least equally important - its cessation and how could all these processes be blocked or stimulated by drugs?
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